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KARYOTY,PE AND IDENTIFICATION OF SEX IN 
TWO ENDANGERED CRANE SPECIES 
CARLL GOODPASTURE and GUSTAVO SELUJA, Division of Animal Genetics, 
Vivigen, Inc., 2000 Vivigen Way, Santa Fe, NM 87505 
GEORGE GEE, Patuxent Wildlife Research Center, U.S. Fish and Wildlife Service, 
Laurel, MD 20708 
Abstract: A laboratory procedure for sex identification of monomorphic birds was developed using 
modern cytological methods of detecting chromosome abnormalities in human amniotic fluid samples. A 
pin feather is taken from a pre-fledging bird for tissue culture and karyotype analysis. Through this method, 
the sex was identified and the karyotype described of the whooping crane (Grus americana) and the Mis-
sissippi sandhill crane (G. canadensis pulla). Giemsa-stained karyotypes of these species showed an iden-
tical chromosome constitution with 2n = 78 ± 2. However, differences in the amount of centromeric het-
erochromatin were observed in the Mississippi sandhill crane when compared to the whooping crane C-
banded karyotype. 
Analysis of sex chromosomes has been used to 
determine the sex of many sexually monomorphic 
avian species (Hungerford et. 1966; Jovanovic & 
Atkins 1969; Mengden & Stock 1976; Rasch & 
Kurtin 1986; Prus & Schmutz 1987). The karyotype 
also provides information of taxonomic utility 
(Ray-Chandhuri et a1. 1969; Takagi & Sasaki 1974; 
DeBoer 1976; Shields 1982). Karyotype analysis as 
a sexing method offers a safe alternative to surgi-
cal sexing. Feather pulp has been used as a source 
of mitotic figures suitable for karyotype analysis in 
a variety of avian species (see Rasch & Kurtin 
1986). The techniques for cell culture of feather 
pulp were first developed by Mengden & Stock 
(1976) who also suggested using the karyotype to 
sex avian species. Although tissue culture tech-
niques were taught to others in the avicultural 
community (Training Seminar on Sexing and Ar-
tificial Insemination of Birds, Houston Zoological 
Society, 18-20 May 1977) its use was limited by 
frequent culture failures and the difficulty in find-
ing metaphase spreads adequate for analysis. Al-
though blood culture provides another possible 
source of mitotic figures, culture of avian blood 
was not as successful as in mammalian species 
until Biederman & Lin (1982) demonstrated an ef-
fective technique for the separation and culture of 
lymphocytes from whole blood. The technique has 
been successfully used to sex the California condor 
and the whooping crane (Biederman et a1. 1982). 
An evaluation of the use of the blood culture 
method of sexing birds is provided by Prus & 
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Schmu tz (1987). 
The present study was undertaken in order to 
identify the sex of whooping cranes and Missis-
sippi sandhill cranes at the Patuxent Wildlife Re-
search Center, Maryland. The crane samples pro-
vided an opportunity to test the method of genetic 
sexing as applied to an endangered species. The 
method combines the feather pulp technique of 
obtaining tissue for cell culture and the "in-situ" 
technique of chronlosome preparation as devel-
oped for psittacine species at Vivigen, Inc. (Seluja 
& Goodpasture unpubl. data). 
MATERIALS AND METHODS 
Tissue for cell culture and mitotic cell analysis 
was obtained from pin feathers taken from imma-
ture birds that had been hatched and reared at 
Patuxent. Pin feathers were plucked from birds, 
surface sterilized with alcohol, placed into tubes of 
transport media and express mailed to our labora-
tory. The transport media contained antibiotics 
(Gibeo 600-5140 and 600-5340, 1 ug/ml each solu-
tion, and fetal bovine serum (Gibeo 200-6140,5 ug/ 
ml) in Hank's balanced salt solution (Gibco 10-
4020AJ). AlL samples were in transport media for 
approximately 28 hours prior to cell culture due to 
Federal Express transit time. 
Pin feather tissue was extracted using a tech-
nique similar to that previously described by Van 
Tuinen & Valentine (1982). Cells were grown on 
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coverslips (the "in-situ" method of tissue culture), 
harvested and stained for cytological examination 
using modification of methods routine for the cy-
togenetic study of human amniocentesis samples 
(Holger et a1. 1974; Peakman et aI1977). Harvested 
coverslips were wither stained with 2% Giemsa in 
phosphate buffer pH = 6.8, or C-banded according 
to Sumner (1972). When chromosome preparations 
were available the G-banding technique of 
Seabright (1971) was attempted. Briefly, the "in-
situ" technique for cell culture, harvest, fixation 
and staining is as follows: 
1. Remove the gelatinous tissue from the base 
of the pin feather shaft and mince to a fine 
slurry. 
2. Digest with 1 % Collagenase (Sigma C9407) in 
Hank's balanced salt solution (Gibco 310-
4170PJ) for 15-20 minutes at 38°C with con-
tinuous agitation. 
3. Pellet cells by centrifugation and resuspend 
in 1 ml RPMI tissue culture medium (Gibco 
320-1875) supplemented with 20% fetal bo-
vine serum (Gibco 240-6000). 
4. Layer 0.5 ml cell suspension onto a coverslip 
and incubate at 38°C in 5% CO2 water satu-
rated atmosphere. 
5. Flood coverslip next day with 2 ml of fresh 
media. 
6. Harvest cultures when near confluency is 
reached and before cell senescence is ob-
served (3-7 days). Co1cemid (Gibco 120-5211) 
dose is 0.005 ug/rnl for 1.5 hr. at 38°C. Fixa-
tive is 3:1 (methanol:acetic acid). Three 
changes of fix, 20 minutes each are used. 
7. Stain coverslips, rise in tap water, dry, mount 
on slides and examine under the microscope. 
RESULTS 
Table 1 summarizes the results of feather pulp 
cultures for the 23 crane samples processed in this 
study. Three failed to grow due to contamination. 
Substantial growth and cell proliferation were ob-
served in the cultures that remained free of bacte-
rial contamination, but 4 of those cultures, meta-
phases suitable for analysis were not observed. 
High quality C-banded preparations were obtained 
from 16 samples, allowing unequivocal identifica-
tion of the sex chromosomes in these individuals. 
For some of the samples, additional coverslips 
were available for Giemsa staining and G-banding 
analysis. 
E 
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Giemsa-stained karyotypes of both the whoop-
ing and Mississippi sandhill cranes are depicted in 
Fig. 1. Although the relatively large number of 
microchromosomes made it difficult to determine 
the precise chromosome number 78 ± 2 chromo-
somes seems to be the diploid number in these 
species. Both species share a similar chromosome 
constitution, with 2 large pairs of submetacentrics, 
a pair of large acrocentrics and 3 pairs of medium-
sized submetacentrics which include the ZZ sex 
chromosome pair. The W-chromosome of the fe-
male is a distinctive small metacentric. 
C-banded karyotypes are presented in Fig. 2. In 
Crus americana, the centromeric heterochromatin is 
conspicuous in all of the macrochromosomes ex-
cept the ZZ pair. In Crus canadensis pulla, consis-
tent centromeric staining as seen in the whooping 
crane was never observed. Fig 2b presents a typi-
cal Mississippi sandhill crane C-banded karyotype 
showing centromeric heterochromatin on chromo-
somes 1 and 5, and lack of C-bands on chromo-
somes 2, 3, 6 and the ZZ sex chromosome pair. In 
both species the W-chromosome appears entirely 
heterochroma tic. 
DISCUSSION 
The feather pulp technique used in combination 
with the "in-situ" cytological method has certain 
advantages over other methods such as the flask 
method of tissue culture or lymphocyte culture 
techniques. The 2 major advantages of this proce-
dure appear to be the simplicity of handling cov-
erslips and the high culture success rate. Prolific 
cell growth from psittacine, raptor, penguin and 
gallinaceous samples have been obtained in our 
laboratory using techniques identical to those de-
scribed here. In addition, coverslips used as a cell 
culture substrate require smaller tissue samples 
than the standard flask method to initiate growth. 
It is nevertheless critical for initiating cell growth 
to have an adequate number of young, rapidly 
growing pin feathers (5 to 6 for cranes). 
Another critical step in successful avian feather 
pulp culture using the "in-situ" technique is that 
tissue must be set up in culture soon after pluck-
ing the feathers. Although sexing results were ob-
tainedfor only 75% of the samples studied, sub-
stantial cell proliferation occurred in all of the 
uncontaminated samples. Failure to obtain success-
ful cytological harvests from certain samples was 
due to cell senescence and culture overgrowth. In 
successful cases, at least 10 metaphase spreads 
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suitable for analysis were obtained for each indi-
vidual. 
Our analysis reveals a similar chromosome 
complement among these 2 crane species when 
stained with Giemsa. We have found a diploid 
chromosome number of 78 ± 2 which agrees with 
the range given for the whooping crane 
(Biederman et al. 1982) and other crane species 
(Hungerford et al. 1966; Takagi & Sasaki 1974; 
Rasch & Kurtin 1987). Also, despite the similarity 
of Giemsa-stained karyotypes, these 2 closely re-
lated species exhibit differences in the amount and 
distribution of constitutive heterochromatin, as 
seen in the C-banded karyotypes. Although previ-
ous G-banding studies of the avian karyotype have 
demonstrated marked conservation in the chromo-
some complement of closely related and widely 
divergent species (Ansari et al. 1986; Takagi & 
Sasaki 1974), detailed study of C-banded karyo-
types has not been done to determine the impor-
tance of constitutive heterochromatin in the chro-
mosome evolution of birds. Investigation of other 
crane species with C-banding is needed to deter-
mine the extent of interspecific variation in hetero-
chromatin. We have also noted that although the 
crane W chromosome stains dark in C-banded 
preparations, the staining is not as intense as the 
W chromosome of other species such as macaws 
(Ara), cockatoos (Cacatua) and amazons (Amazonia) 
(Seluja & Goodpasture unpubl. data). 
We suggest that using pin feathers as a source 
of tissue in conjunction with the "in-situ" cytologi-
cal procedure offers a sexing method of improved 
utility. In addition, the karyotype data thus ob-
tained may prove to be a useful tool in taxonomic 
studies of avian species. 
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Table 1. Summary of Culture and Cytological Results of Crus americana and Crus canadensis pulla 
Feather Pulp Cultures 
Species 
Crus american 
1.0. No. 
02-87027 
02-87033 
02-87034 
02-87041 
02-87042 
02-86027 
02-86033 
Crus canadensis pulla 
" 03-87013 
03-87060 
03-87010 
03-87028 
03-87008 
03-87037 
03-87052 
03-87055 
03-87001 
03-87065 
03-87012 
03-87014 
03-87023 
03-87064 
03-87056 
03-85008 
Culture Result 
o 
o 
o 
o 
no metaphases 
o 
o 
contamina ted 
o 
o 
o 
o 
o 
no metaphases 
o 
o 
no meta phases 
o 
no metaphases 
o 
o 
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Analyses Performed 
Giemsa, C-band 
Giemsa, C-bank 
C-band 
Giemsa, C-band 
C-band 
Giemsa, C-band 
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Figure 1. Giemsa-stained karyotypes. A: Whooping crane. B: Mississippi sandhill crane. Note the similarity of these karotypes. 
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Figure 2. Partial C-banded karotypes. A: Whooping crane. B: Mississippi sandhill crane. Note the lack of centromeric heterochromatin in the ZZ pair of both cranes, and also on 
chromosomes 2, 3, and 6 of the Mississippi sandhill crane. I ""0 
